Epitaxially grown GaN layers have a high surface state density, which typically results in a surface leakage current and a photoresponse in undesirable wavelengths in GaN optoelectronic devices. Surface passivation is, therefore, an important process necessary to prevent performance degradation of GaN UV photodetectors. In this study, we propose oxygen-enhanced thermal treatment as a simple surface passivation process without capping layers. The GaN UV photodetector fabricated using a thermal annealing process exhibits improved electrical and photoresponsive characteristics such as a reduced dark current and an enhanced photoresponsive current and UV-to-visible rejection ratio. The results of this study show that the proposed surface passivation method would be useful to enhance the reliability of GaN-based optoelectronic devices.
INTRODUCTION
Commercial applications of ultraviolet (UV) sensors are growing continually in various fields including human skin care, ozone layer monitoring, missile detection, and fire alarms.
Gallium-nitride (GaN) is a well-known material for highperformance UV photodetectors because of its wide and direct bandgap (3.4 eV). In the last two decades, GaN-based photodetectors have already been studied with various device structures such as PIN-type, Schottky barrier-type, and metalsemiconductor-metal (MSM)-type photodetectors. Among these structures, the MSM-type photodetector has been an attractive choice for the UV detector because of its fabrication simplicity and suitability to fabricate an optoelectronic UV sensor array integrated with GaN-based field effect transistors (FETs). For the transparent Schottky metal electrode of MSM photodetectors, various electrode materials have been used such as transparent thin tungsten, indium-tin-oxide (ITO), antimony doped tin-oxide (ATO), and semi-transparent thin Ni/Au [1] [2] [3] [4] . To achieve the high Schottky barrier height at the metal-semiconductor interface, Ni/ Au was frequently used as the Schottky electrode in the GaNbased MSM-type UV photodetectors [5] [6] [7] [8] [9] [10] .
Epitaxially grown GaN layers have a high surface state density, and therefore, the GaN surface is generally passivated using insulating materials such as SiN oxidation process at 900-1000ºC [11] . The HT process over 900ºC could cause damage to the GaN layer or even generate deep level traps [12] . Generally, SiN x is used as the passivation layer of the GaN surface, but it causes etching process difficulties. In this study, we propose an oxygen-enhanced thermal annealing treatment as a simple surface passivation process without capping layers. The surface passivation effects were carefully studied from the dark and photo responsive I-V characteristics and the spectral photoresponsive characteristics of the fabricated GaN MSM photodetectors with and without O 2 annealing treatment.
EXPERIMENTAL

GaN epitaxial layer growth
GaN epitaxial layer was grown on an n-type Si (111) substrate using metal-organic chemical vapor deposition (MOCVD). To reduce the strong tensile stress between the GaN epi-layer and the Si substrate caused by the large differences in the lattice constants and the thermal expansion coefficients, we grew 170-nm-thick HT GaN and 30-nm-thick low-temperature (LT) AlN interlayers periodically with five stacks on a 150-nm-thick HT-AlN buffer layer. After that, a 1-μm-thick, crack-free, highly resistive GaN layer was grown at 1070ºC in 100 Torr.
Device fabrication and measurement
Three different fabrication procedures were performed to compare the effect of the surface treatment method as shown in . The electrical properties of UV photodetectors were characterized using a HP4156 semiconductor parameter analyzer system, and the photo responsivity was characterized using a 150-W Xenon arc lamp and a monochromator system (Oriel 74000).
RESULTS AND DISCUSSIONS
Dark and photoresponsive I-V measurement results of the fabricated MSM UV photodetectors are shown in Fig. 2(a) . The A; this value is three times higher than that of the untreated MSM photodetector. To evaluate the enhanced dark and photoresponsive current characteristics, we calculated the photo-to-dark current contrast ratio as shown in Fig. 2(b) .
From the calculated result, the photo-to-dark current contrast ratio annealing treatment showed a reduced dark current and an enhanced photoresponsive current compared to that of the device without treatment. 
CONCLUSIONS
We investigated the surface passivation effects of the O 
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